Only 22 cases of primary pulmonary paraganglioma have been reported previously. This report presents a case of paraganglioma that arose in the lung of a 38-year-old woman who presented with chest pain and paroxysmal cough with little sputum. Positron emission tomography-computed tomography scan demonstrated two homogeneous masses in the left lower lobe accompanied by multiple mediastinal lymph node metastases. After resection, gross pathological examination confirmed two solid masses, which had a yellow-grey complexion and decreased blood supply and that invaded the mediastinum.
Introduction
Paragangliomas, also known as extraadrenal pheochromocytomas, are rare tumours that arise from the chromaffin cells of sympathetic and parasympathetic ganglia. 1 Paragangliomas account for 5 -10% of pheochromocytomas and can occur in any position between the neck and the base of the pelvis. 2 Extra-adrenal retroperitoneal paraganglia are usually chromaffin positive and usually associated with the sympathetic system. 1,2 Paragangliomas in the head, neck and mediastinum are usually associated with the parasympathetic system, and are chromaffin negative, i.e. they do not secrete catecholamines and do not, therefore, present with episodic hypertension. 1 Extra-adrenal pheochromocytomas are more likely to be malignant than adrenal tumours. 3, 4 The presence of local invasion is an indicator of tumour malignancy but the correct diagnosis is usually made after the appearance of metastases of chromaffin tissue at sites where chromaffin tissue is not usually observed. 2 This illustrates the need for early and accurate tumour diagnosis. In addition to the detection of specific biochemical markers, imaging studies are crucial to confirming a diagnosis of paraganglioma and an important guide to designing any subsequent treatment plan. 5 Pulmonary paragangliomas are difficult to differentiate from bronchial carcinomas and metastatic tumours. Primary pulmonary paragangliomas are rare. 6, 7 To the best of our knowledge, only 23 cases of primary pulmonary paraganglioma (including the J-J Zhang, T Liu and F Peng Primary pulmonary paraganglioma present case) have been reported in English language clinical and pathological journals since the first report in 1958. 8 The present report describes the case of a primary pulmonary paraganglioma and the features of this tumour revealed by positron emission tomography-computed tomography (PET-CT) imaging. In particular, it highlights those features of CT images that enable the differentiation of paragangliomas from other primary pulmonary tumours. Publication of the patient's data was approved by the Institutional Review Board of Zhejiang Hospital, Hangzhou, China, and the patient also gave her verbal informed consent prior to publication.
Case report
A 38-year-old female presented with a 1-year history of chest pain and paroxysmal cough with little sputum. The patient denied any history of smoking, malignancy or relevant disease. Her vital signs, including body temperature, heart rate and blood pressure, were normal, as were the results of clinical laboratory examinations. Bronchofibroscopy showed external pressure on the basal segmental bronchus of the left lower lobe; conventional brush biopsy did not find cancer cells.
The patient underwent a whole-body PET-CT scan 60 min after injection of [ 18 F]fluorodeoxyglucose ( 18 F-FDG). The image demonstrated 18 F-FDG uptake into the left lung with ipsilateral intrapulmonary small lesions accompanied by multiple mediastinal lymph node metastases. The CT images showed two homogeneous masses in the left lower lobe, with the larger of the two measuring approximately 2.6 × 3.5 × 3.7 cm and the smaller one measuring approximately 1.6 × 1.6 × 3.5 cm. The CT values of the larger lesion (Hounsfield units [HU] ) were approximately 28 HU in the plain scan image, 53 HU in the enhanced image of the arterial phase, 54 HU in the parenchymal phase and 67 HU in the delayed phase. These data suggested that the lesion was not obviously enhanced in the arterial phase and that there was only slight enhancement in the delayed phase, indicating a low density of blood vessels within the tumour. The tumours appeared well defined and showed both expansive growth (as shown by the focal airway being moved aside using multiplanar reconstruction imaging) and partial infiltration of the pulmonary vein and left atrium ( Fig. 1 ). No abnormal morphological signs were found in the right inferior lobe and no enlargement of lymph nodes in the mediastinum was observed. Abdominal ultrasound scan and cervical CT scan revealed no abnormalities.
The lower lobe of the left lung was resected. Gross pathological examination revealed two masses in the left lower lobe; the cut surfaces of the masses were solid and yellow-grey in appearance with signs of decreased blood supply and accompanying mediastinal invasion. Histological examination using haematoxylin and eosin staining confirmed a decrease in the density of blood vessels in the tumour tissue ( Fig. 2A ). Immunohistochemical examination of the tumour tissue showed a positive reaction for S-100 protein (S-100), chromogranin A (CgA), synaptophysin (Syn) and neuron-specific enolase (NSE) ( Fig. 2B -2E ).
Based on the results of these tests a diagnosis of pulmonary paraganglioma was made. The patient was not given any adjuvant therapy after surgery resection. At 32 months after surgery she remained well, no recurrence was found and follow-up for a longer period to clarify the prognosis of pulmonary paraganglioma is ongoing. 
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Discussion
Primary solitary paragangliomas of the lung are rare. Since the first case of a solitary pulmonary paraganglioma was reported by Heppleston in 1958 8 only 23 cases, including the present case, have been described in the English language scientific literature. All of these cases are summarized in Table 1 . 8 -27 Across all of the cases, most patients were female and middle-aged: patients' ages ranged from 18 to 69 years; 16 were female and seven were male. Eleven patients had one or more of the following symptoms: cough, expectoration, dyspnoea, high fever, pneumonia, shoulder pain or chest pain.
The size of the tumours varied from 0.9 to 13 cm in the largest dimension. Fifteen of the tumours were located in the right lung (five in the upper lobe, three in the middle and six in the lower lobe, with one indeterminate), and eight were found in the left lung (one in the upper lobe, six in the lower lobe and one in mainstem bronchus). 8 -27 In six cases (including the present case), the tumour was closely associated with either a bronchus or bronchioles. 9, 10, 12 In seven cases (including the present case) pulmonary vessels were found within or in close proximity to the tumour. 10, 11, 14, 16, 20 Three cases (including the present case), were malignant: two of these showed lymph node metastases 18, 19 whereas the tumour in the present case showed invasive growth but was not associated with lymph node metastases. The lesions were benign in all the other cases. 8 -17,20 -27 Paraganglioma tumours are often discovered incidentally upon examination of routine chest radiographs, and some patients are free of symptoms and hypertension. Patients have mostly been treated surgically with either local excision or lobectomy. Recurrence or metastatic disease has not been observed during followup in any of the reported cases. Surgical treatment also appears to have been sufficient in the present case.
It has been shown that approximately 10% of pheochromocytomas and paragangliomas are malignant. 3 There are, however, no biochemical or histological examinations that can predict reliably the malignant tendency of these tumours. 16 Malignancy is usually defined by either the presence of metastases or microscope examination of tissue at the time of tumour resection. Imaging studies, including CT scanning and magnetic resonance imaging, are crucial aids in the diagnosis of paragangliomas. The use of imaging technology becomes especially important when the paragangliomas are endocrinologically 'silent' and no catecholamine-related clinical symptoms are present. Half of pheochromocytomas are now identified incidentally on cross-sectional imaging; thus, it is crucial that radiologists are able to recognize the appearance of pheochromocytomas. 28 Benign paragangliomas are most likely to present as homogeneous soft tissue masses with well defined margins. 5 Malignant paragangliomas are frequently extraadrenal. For the diagnosis of malignancy in paraganglioma, the clinical, histological and CT imaging features that predict malignancy are still poorly defined for this type of tumour. The only absolute criterion for malignancy is the presence of metastases to sites where chromaffin tissue is not usually found. 29 Functional paragangliomas, i.e. those associated with a distinct clinical syndrome due to hormone hypersecretion, generally have a rich blood supply and can be significantly enhanced in the arterial phase of CT enhancement images, with higher values in the venous phase. 30 In contrast, endocrine nonfunctional tumours typically lack clinical manifestations and are J-J Zhang, T Liu and F Peng Primary pulmonary paraganglioma often discovered by chance. 1 Two masses were found in the left lung of the present case, with the larger one closer to the left atrium and pulmonary veins. The lesions were homogeneous and had no cystic degeneration or calcification. Under CT imaging, the lesions were not obviously enhanced in the arterial phase and, in the delayed phase, only slight enhancement occurred. Although the lesions showed focal invasion with infiltration into the left atrium and pulmonary veins, their margins were still well defined. A tendency towards expansive growth was also observed for this tumour, as shown by the focal airway being moved aside using multiplanar reconstruction imaging. During the operation, the tumours were isolated and thoroughly resected. The cutting edge and the surrounding lymph nodes were observed to be free of tumour tissue. Conventional staining showed a low density of blood vessels within the tumour, and immunohistochemical examination showed a positive reaction for the markers S-100, CgA, Syn and NSE. The findings confirmed the diagnosis of a nonfunctional and lowgrade malignant paraganglioma.
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The differential diagnosis of paraganglioma includes the consideration of many different conditions, including pulmonary carcinoma, pulmonary tuberculosis, pulmonary mycosis, round pneumonia, organizing pneumonia, inflammatory pseudotumour and metastatic lung cancer. All of these conditions are accompanied by findings that are very different from those associated with paragangliomas.
Pulmonary carcinoma originates in bronchial epithelial cells and shows invasive growth characteristics along the inside and outside of the bronchial wall. 31 Radiographical manifestations of the mass show violations of bronchus, blood vessels and surrounding tissue space, as well as obstructive changes. 31 The primary pulmonary paraganglioma is mostly found in close relation to the pulmonary vessels and nerves, and mainly in the adventitia of the pulmonary arteries at their bifurcations. 6 The close association of the tumour with pulmonary vessels but not with the bronchial tree provides a basis for the differentiation of paragangliomas from pulmonary carcinomas.
The histopathological manifestation of tuberculosis classically involves central caseous necrotic tissue, with disseminated foci, fibre proliferation and calcification observed around the lesion. 32 Caseous necrotic tissue is not, however, enhanced in CT imaging and does not infringe on the surrounding tissue. 32 Primary pulmonary paragangliomas show homogeneous and slight enhancement in CT imaging, which may be accompanied by clinical signs and symptoms associated with violation of the surrounding tissue. 29 Pulmonary fungal infections, round pneumonia and organizing pneumonia are all inflammatory diseases and do not display aggressive tumour growth characteristics. Inflammatory pseudotumour is a mass-like lesion and is enhanced in CT imaging but does not violate neighbouring organs. 33 Metastatic tumours show multiple lesions in the lung and have a history of primary tumour development. In comparison, primary pulmonary paragangliomas have several characteristics not shared by other lung lesions. When conducting a differential diagnosis of a lung mass, it can be difficult to identify signs for this disease. The crosssectional and multiplanar reconstruction imaging features of CT imaging can help in the differentiation of these lesions from pulmonary paragangliomas.
